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(54) PIEZOELECTRIC ACTUATOR AND FABRICATION THEREOF 
(57)Abstract; 

PROBLEM TO BE SOLVED: To provide a compact 
piezoelectric actuator, and a fabrication method thereof, 
in which piezoelectric elements are formed at high 
positional accuracy and high integration density through 
a simplified fabrication process. 
SOLUTION: A pie-zoelectric material green sheet 
applied with a plurality of common electrodes, a 
piezoelectric material green sheet applied with a plurality 
of signal applying electrodes, and a sheet applied with no 
electrode are employed. A group of alternate laminate 
composed of a plurality of sheets applied with common 
electrode and a plurality of sheets applied with signal 
applying electrode and a group of laminate composed of 
a plurality of sheets applied with no inner electrode are 
laminated alternately and fired. Subsequently, grid-like 
trenches 12, 13 are made in the displacement output 
face side to form checkered driving posts 8 thus 
realizing a compact piezoelectric actuator having high 
positional accuracy and high integration density. The 
common electrode and the signal applying electrode can be connected electrically with an 
external power supply on the back plane 1r of the output plane for each driving post. 
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'* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It has two or more drive pillars which are arranged at each partition classified by the grid-like slot, 
respectively, and function as a piezo-electric formula drive. The electrostrictive actuator characterized by having the 
displacement output screen which a drive pillar consists of laminating electrode structure of the common electrode 
layer by which the laminating was carried out crosswise [ of a slot ] by turns through the piezoelectric-material 
green sheet, and a signal impression electrode layer, and carries out a displacement output to the exterior of the 
drive pillar height direction by the piezo-electric transversal effect in a drive pillar upper-limit side. 
[Claim 2] It is arranged altemately at each partition classified by the slot of the shape of an abbreviation grid which 
crosses mutually at an angle of within the limits of 45 degrees or more 90 degrees or less, respectively. It has two or 
more drive pillars which function as a piezo-electric formula drive, and a drive pillar The electrostrictive actuator 
characterized by having the displacement output screen which consists of laminating electrode structure of the 
common electrode layer by which the laminating was carried out crosswise [ of a slot ] by tums through the 
piezoelectric-material green sheet, and a signal impression electrode layer, and carries out a displacement output to 
the exterior of the drive pillar height direction by the piezo-electric transversal effect in a drive pillar upper-limit 
side. 

[Claim 3] The electrostrictive actuator according to claim 1 or 2 characterized by having the electrode takeoff 
connection which has the edge exposed to the rear face which connects with a common electrode and a signal 
impression electrode, respectively, and counters the displacement output screen of a drive pillar, respectively. 
[Claim 4] The electrostrictive actuator characterized by to have the displacement output screen which it has two or 
more drive pillars which are arranged on a substrate through a slot and function as a piezo-electric formula drive, 
respectively, and a drive pillar consists of laminating electrode structure of the common electrode layer by which 
the laminating was carried out by tums in the direction of the depth of flute through the piezoelectric-material green 
sheet, and a signal impression electrode layer, and carries out a displacement output outside by the piezo-electric 
longitudinal effect in the drive pillar upper-limit side of a substrate and an opposite side. 

[Claim 5] An electrostrictive actuator given in any 1 term of the claims 1-4 characterized by having a drive pillar 
and the dummy pillar of outline same height in drive intercolumniation. 

[Claim 6] A common electrode and a signal impression electrode are an electrostrictive actuator given in any 1 term 
of the claims 1-5 characterized by being built in a drive pillar and the front face being worn by piezoelectric- 
material green-sheet material. 

[Claim 7] It is an electrostrictive actuator given in any 1 term of the claims 1-6 which an electrostrictive actuator is 
an electrostrictive actuator for ink-jet heads, and are characterized by each drive pillar functioning as a drive into 
which ink is made to flow out of the ink nozzle of an ink-jet head. 

[Claim 8] The manufacture method of an electrostrictive actuator according to claim 1 characterized by providing 
the foUov^ng The process which applies the electrode paste of a predetermined configuration to the predetermined 
position of one field of a piezoelectric-material green sheet, forms a common electrode or a signal impression 
electrode, and forms the laminating electrode soma material which has the intemal electrode which comes by tums 
to carry out two or more sheet laminating of the piezoelectric-material green sheet which subsequently has the 
piezoelectric-material green sheet which has a common electrode, and a signal impression electrode, and the 
process which forms the laminating electrode soma material which does not have the intemal electrode which 
comes to carry out two or more sheet laminating of the piezoelectric-material green sheet Subsequently, the process 
which carries out the laminating of the laminating electrode soma material which has an intemal electrode, and the 
laminating electrode soma material which does not have an intemal electrode by turns, pressurizes it, sinters further, 
and forms a laminating electrode object Subsequently, the process which forms the field which processes the 
displacement output-screen side which intersects perpendicularly with a sheet side, and has a displacement output 
screen Furthermore, the process which forms a grid-like slot in tiie field which has a displacement output screen, 
and forms the drive pillar by which plane configuration was carried out to the shape of tJie squares of outline regular 
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'intervals 

[Claim 9] The manufacture method of an electrostrictive actuator according to claim 2 characterized by providing 
tiie following the process which applies the electrode paste of a predetermined configuration to the predetermined 
position of one field of a piezoelectric-material green sheet, forms a common electrode or a signal impression 
electrode, and forms the laminating electrode soma material which has the internal electrode which comes by turns 
to carry out two or more sheet laminating of the green sheet which subsequently has the green sheet which has a 
common electrode, and a signal impression electrode, and a piezoelectric-material green sheet — two or more sheets 
~ ****** — the process which forms the laminating electrode soma material which does not have an intemal 
electrode Subsequently, the laminating electrode object formation process which forms the laminating electrode 
object which shifts in predetermined length one by one, carries out the laminating of the laminating electrode soma 
material which has an internal electrode, and the laminating electrode soma material which does not have an 
intemal electrode by turns, and pressurizes it, and it comes to sinter further Subsequently, the process which forms 
the field which processes the displacement output-screen side which intersects perpendicularly with a sheet side, 
and has a displacement output screen Furthermore, the process which forms the slot of the shape of an abbreviation 
grid which has the degree of crossed axes angle corresponding to the length shifted at the laminating electrode 
object formation process in the field which has a displacement output screen 

[Claim 10] The manufacture method of the electrostrictive actuator according to claim 9 characterized by the degree 
of crossed axes angle of a slot being within the limits of 45 to 90 degrees. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] About an electrostrictive actuator and its manufacture method, 
especially in more detail, this invention is the the best for an ink-jet method recording device, is formed by high 
position precision and high accumulation density, and relates to an electrostrictive actuator with possible making it 
stabilize and drive, and its manufacture method. 
[0002] 

[Description of the Prior Art] By the printer (henceforth an ink-jet recording device) of an ink-jet formula, the 
electrostrictive actuator is used for the ink-jet head which injects ink in many cases. The conventional 
electrostrictive actuator used for an ink-jet head is indicated by JP,8-156272,A. Hereafter, JP,8-156272,A is quoted 
and the conventional electrostrictive actuator is explained with reference to a drawing. Drawing 12 (a) and (b) are 
the perspective diagrams for every process which manufactvires the conventional electrostrictive actuator, 
respectively. In order to manufacture the conventional electrostrictive actuator 36, along with the pattems 26 and 27 
for electrodes formed on the substrate 14, the laminating type piezoelectric-device plate 28 is joined first (refer to 
drawing 12 (a)). Subsequently, slit processing of the predetermined pitch which intersects perpendicularly with the 
longitudinal direction of the piezoelectric-device plate 28 is given to the piezoelectric-device plate 28 and the 
surface section of a substrate 14, the piezoelectric-device train 31 which consists of two or more laminating type 
piezoelectric devices (drive pillar) 29 and 30 is formed, and the pattems 26 and 27 for electrodes are divided to the 
individual electrode (signal impression electrode) 33 corresponding to each laminating type piezoelectric device 29 
(refer to drawing 12 (b)). 

[0003] The end-face electrode (external electrode) which intercormected the internal electrode every other layer is 
prepared in the ends side of the piezoelectric devices 29 and 30 of each piezoelectric-device train 31. The external 
electrode of one end face is connected to the individual electrode 33 which is an internal electrode on a substrate 14 
about an other-end side electrode through a conductive material at the common electrode 32 which is an internal 
electrode on a substrate 14, respectively. Furthermore, the supporter material 34 to which upper surface height 
becomes almost the same as that of piezoelectric devices 29 and 30 is joined to the circvimference of the 
piezoelectric devices 29 and 30 on a substrate 14. The laminating type piezoelectric devices 29 and 30 have a 
displacement output screen in the upper-limit side of a substrate and an opposite side, and output the variation rate 
of the same direction as the direction of a laminating by the piezo-electric longitudinal effect. 
[0004] 

[Problem(s) to be Solved by the Invention] by the way, with the conventional technology, in order [ which 
processes into a piezoelectric-device plate the slit of the direction which intersects perpendicularly with a 
longitudinal direction ] to form two or more piezoelectric devices of a book especially more, the flat-surface 
configuration of each piezoelectric device is a rectangle, and serves as arrangement with the same said also of the 
ink room allotted up corresponding to it and the nozzle of ink ****** Moreover, since the piezoelectric device is 
made to drive using the piezo-electric longitudinal effect, the distance which connects the end-face electrode and 
electrode pattern of a piezoelectric-device plate by conductive material is needed. Furthermore, an individual 
electrode is formed in the both ends of the direction which intersects perpendicularly with the piezoelectric-device 
plate longitudinal direction on a substrate as an electrode pattern corresponding to each piezoelectric-device train. 
For this reason, if a piezoelectric-device train is put in another way exceeding two trains on one actuator unit, it is 
difficult to prepare more mostly than two trains, therefore the number of nozzles per imit area could not be raised, 
but, moreover, there was the 1st problem that productivity was low. Moreover, since the quality of the materials of 
a substrate and a piezoelectric device differed, when processing a slit, there was the 2nd problem which the 
difference of a mutual coefficient of thermal expansion or processability produces. Furthermore, the distance which 
pastes all up in case a piezoelectric-device plate and supporter material are joined to a substrate was required, and 
when having pasted up a piezoelectric-device plate and aligrmient was carried out to the electrode pattern on a 
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substrate, there was also the 3rd problem that the relative position between each piezoelectric-device plate shifted. It 
is offering the compact electrostrictive actuator formed by high position precision and high accumulation density by 
the manufacturing process by which, as for the purpose of this invention, the piezoelectric device's was simplified 
in the light of the above situations, and its manufacture method. 
[0005] 

[Means for Solving the Problem] this invention person ~ the result of wholeheartedly examination — a variation 
rate — the electrostrictive actuator which an output screen displaces using the piezo-electric transversal effect — 
thinking — a piezoelectric device — in-every-direction both directions — abbreviation — it is the regular intervals 
thing done for plane configuration in a grid pattem or altemately, and finds out that a piezoelectric device can be 
arranged to high accumulation, and this invention person came to complete this invention 

[0006] In order to attain the above-mentioned purpose, the electrostrictive actuator of the 1st invention conceming 
this invention It has two or more drive pillars which are arranged at each partition classified by the grid-like slot, 
respectively, and function as a piezo-electric formula drive. A drive pillar consists of laminating electrode structure 
of the common electrode layer by which the laminating was carried out crosswise [ of a slot ] by turns through the 
piezoelectric-material green sheet, and a signal impression electrode layer, and it is characterized by having the 
displacement output screen which carries out a displacement output to the exterior of the drive pillar height 
direction by the piezo-electric transversal effect in a drive pillar upper-limit side. Two or more drive pillars can be 
expanded and contracted in the direction of the depth of flute by the piezo-electric transversal effect. Moreover, a 
drive pillar serves as an electrostrictive actuator fi:om this material, and is formed in one. 
[0007] Moreover, the electrostrictive actuator of the 2nd invention conceming this invention It is arranged 
altemately at each partition classified by the slot of the shape of an abbreviation grid which crosses mutually at an 
angle of within the limits of 45 degrees or more 90 degrees or less, respectively. It has two or more drive pillars 
which fimction as a piezo-electric formula drive, and a drive pillar It consists of laminating electrode structure of 
the common electrode layer by which the laminating was carried out crosswise [ of a slot ] by turns through the 
piezoelectric-material green sheet, and a signal impression electrode layer, and is characterized by having the 
displacement output screen which carries out a displacement output to the exterior of the drive pillar height 
direction by the piezo-electric transversal effect in a drive pillar upper-limit side. 

[0008] In the 1 st and the 2nd invention, suitably, it connected with the common electrode and the signal impression 
electrode inside the electrostrictive actuator, respectively, and has the electrode takeoff connection which has the 
edge exposed to the rear face which counters the displacement output screen of a drive pillar, respectively. Thereby, 
it becomes possible to carry out electrical connection of the external power to a common electrode and a signal 
impression electrode easily. For example, the common electrode and signal impression electrode which are an 
intemal electrode usually consist of a drive pillar section which constitutes a drive pillar, and an electrode takeoff 
connection which connects with a drive pillar section and arrives even at a rear face, and the configuration of a 
conmion electrode and a signal impression electrode is the same configuration, and is arranged about the direction 
of a laminating in the same position, and by the electrode takeoff connection, it is arranged at a drive pillar section 
so that it may not lap mutually about the direction of a laminating. Therefore, for every drive pillar, the edge of the 
electrode takeoff connection of a common electrode and the electrode takeoff connection of a signal impression 
electrode is arranged at the rear face, respectively, and is exposed at it, and electrical connection can be easily 
carried out to an external power. Moreover, in applying electrode paste on the surface of a green sheet, and forming 
an intemal electrode, you may form beforehand so that it may fit in the interior of the field where a drive pillar 
section serves as a drive pillar. And in case a drive pillar is formed, the electrostrictive actuator excellent in 
endurance is manufactured by processing a grid-like slot so that an intemal electrode may be settled in a drive 
pillar. 

[0009] Moreover, the electrostrictive actuator of the 3rd invention conceming this invention It has two or more 
drive pillars which are arranged on a substrate through a slot and function as a piezo-electric formula drive, 
respectively. A drive pillar consists of laminating electrode structure of the common electrode layer by which the 
laminating was carried out by tums in the direction of the depth of flute through the piezoelectric-material green 
sheet, and a signal impression electrode layer, and it is characterized by having the displacement output screen 
which carries out a displacement output outside by the piezo-electric longitudinal effect in the drive pillar upper- 
limit side of a substrate and an opposite side. 

[0010] In the 1 st to 3rd invention, you may have a drive pillar and a dummy pillar in outline same height in drive 
intercolumniation. when not making the drive pillar of the next door of a drive pillar (henceforth a drive drive 
pillar) which is made to drive a drive pillar individually and drives it by this drive, the drive pillar which is not 
made to drive displaces — large ~ it can suppress — the output of a drive drive pillar — a variation rate can be used 
effectively Moreover, in the 1st to 3rd invention, a common electrode and a signal impression electrode may be 
built in in a drive pillar, and the front face may be worn by piezoelectric-material green-sheet material. The 
electrostrictive actuator of the 1st to 3rd invention is mainly an electrostrictive actuator for ink-jet heads, and each 
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drive pillar functions as a drive into which ink is made to flow out of the ink nozzle of an ink-jet head. Thereby, the 
printable electrostrictive actuator for ink-jet recording devices is realizable with high density. 
[001 1] The manufacture method of the electrostrictive actuator conceming this invention method It is the 
manufacture method of the electrostrictive actuator the 1st invention, and the electrode paste of a predetermined 
configuration is applied to the predetermined position of one field of a piezoelectric-material green sheet, and a 
common electrode or a signal impression electrode is formed, subsequently Come by tums to carry out two or more 
sheet laminating of the piezoelectric-material green sheet which has the piezoelectric-material green sheet which 
has a common electrode, and a signal impression electrode. With the process which forms the laminating electrode 
soma material which has an internal electrode, and the process which forms the laminating electrode soma material 
which does not have the internal electrode which comes to carry out two or more sheet laminating of the 
piezoelectric-material green sheet, subsequently With the process which carries out the laminating of the laminating 
electrode soma material which has an internal electrode, and the laminating electrode soma material which does not 
have an internal electrode by tums, pressurizes it, sinters further, and forms a laminating electrode object, 
subsequently the variation rate which intersects perpendicularly with a sheet side — an output-screen side — 
processing it ~ a variation rate — the process which forms the field which has an output screen — further ~ a 
variation rate — it is characterized by having the process which forms a grid-like slot in the field which has an 
output screen, and forms the drive pillar by which plane configuration was carried out to the shape of the squares of 
outline regular intervals 

[0012] A press etc. performs pressurization. As sintering, it calcinates, for example. When a piezoelectric-material 
green sheet contains a binder in that case, a ** binder process is performed. Moreover, grinding usually performs 
processing. Since a slot is a grid-like, it is formed in pitches, such as an outline. By formation of a slot, the drive 
pillar of the high accumulation density by which plane configuration was carried out in a grid pattem can be 
formed. By the dawn method from the ** 1st, a drive pillar serves as a substrate from this material, and is formed in 
one. Therefore, the process which joins a piezoelectric-device plate to a substrate becomes unnecessary, generating 
of the error of the relative position of a drive pillar etc. can be suppressed, and, moreover, productivity improves 
sharply. 

[0013] Moreover, the manufacture method of the electrostrictive actuator of the dawn method from the ** 2nd 
conceming this invention method It is the manufacture method of the electrostrictive actuator the 2nd invention, 
and the electrode paste of a predetermined configuration is applied to the predetermined position of one field of a 
piezoelectric-material green sheet, and a common electrode or a signal impression electrode is formed, subsequently 
Come by tums to carry out two or more sheet laminating of the green sheet which has the green sheet which has a 
common electrode, and a signal impression electrode, the process which forms the laminating electrode soma 
material which has an intemal electrode, and a piezoelectric-material green sheet — two or more sheets — 
subsequently with the process which forms the laminating electrode soma material which does not have an intemal 
electrode With the laminating electrode object formation process which forms the laminating electrode object which 
shifts in predetermined length one by one, carries out the laminating of the laminating electrode soma material 
which has an intemal electrode, and the laminating electrode soma material which does not have an intemal 
electrode by tums, and pressurizes it, and it comes to sinter further, subsequently the variation rate which intersects 
perpendicularly with a sheet side — an output-screen side — processing it — a variation rate — the process which 
forms the field which has an output screen — further — a variation rate — it is characterized by having the process 
which forms the slot of the shape of an abbreviation grid which has the degree of crossed axes angle corresponding 
to the length shifted at the laminating electrode object formation process in the field which has an output screen By 
the dawn method from the ** 2nd, the degree of crossed axes angle of a slot is usually within the limits of 45 to 90 
degrees. 
[0014] 

[Embodiments of the Invention] The example of an operation gestalt is given to below, and the gestalt of operation 
of this invention is explained to it with reference to an accompanying drawing at concrete and a twist detail. 
The example of the one example operation gestalt of an operation gestalt is an example of an operation gestalt of 
the 1st invention, (c) is the perspective diagram of the electrostrictive actuator of this example of an operation 
gestalt, a plan, and rear view jfrom drawing 1 (a), respectively. 

[0015] The electrostrictive actuator 1 of this example of an operation gestalt is equipped with two or more drive 
pillars 8 which are arranged at each partition classified by the grid-like slot, respectively, and function as a piezo- 
electric formula drive. The plan showing the pattern of the common electrode whose drawing 2 is the intemal 
electrode which applied on it with the piezoelectric-material green sheet, and drawing 3 are the plans showing the 
pattem of the signal impression electrode which are a piezoelectric-material green sheet and an intemal electrode 
applied on it. The drive pillar 8 consists of laminating electrode structure of the common electrode 2 by which the 
laminating was carried out crosswise [ of a slot ] by tums through the piezoelectric-material green sheet, and the 
signal impression electrode 3, and it has displacement output-screen (electrostrictive actuator output screen) la 
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which carries out a displacement output to the exterior of the drive pillar height direction by the piezo-electric 
transversal effect in a drive pillar upper-limit side. The common electrode 2 and the signal impression electrode 3 
are constituted from a drive pillar section 6 which constitutes a drive pillar, and an electrode takeoff connection 7 
which connects with the drive pillar section 6 and reaches even rear- face Ir (refer to drawing 1 (c)) of an 
electrostrictive actuator 1 by each. Moreover, the common electrode 2 and the signal impression electrode 3 are 
formed so that it may be arranged in the position with which the drive pillar section 6 is the same position about the 
direction of a laminating, and the electrode takeoff connection 7 does not lap mutually about the direction of a 
laminating, respectively. In rear-face Ir, the edge of the electrode takeoff connection of a common electrode and the 
electrode takeoff connection of a signal impression electrode arranges and is exposed to a single tier for every drive 
pillar, respectively (refer to drawing 1 (c)). 

[0016] In this example of an operation gestalt, although the number of the common electrodes 2 and the signal 
impression electrodes 3 which are applied to each sheet is three, respectively, according to the number of requests 
of the drive pillar 8, you may make [ more / still ] them. Moreover, although what consists of PZT system ceramics 
which are piezoelectric material as a piezoelectric-material green sheet (only henceforth a green sheet), and an 
organic binder was used, you may use the common ferroelectric as a piezoelectric material etc. Moreover, although 
the green sheet was manufactured using the doctor blade method and thickness was set to about 30 micrometers, it 
is possible to consider as the thickness according to the amount of displacement of a request of an electrostrictive 
actuator 1. 

[0017] Hereafter, the manufacture method of an electrostrictive actuator is explained. First, the laminating of the 
sheet 4 which applied the common electrode 2, and the sheet 5 which applied the signal impression electrode 3 was 
carried out by tums so that the drive pillar section 6 of each electrode pattern might lap mutually, and so that the 
electrode takeoff connection 7 might not lap mutually in the common electrode 2 and the signal impression 
electrode 3 (this thing that carried out the laminating is hereafter called "group containing a drive pillar section"). 
The group containing a drive pillar section consists of 20 layers. Moreover, two or more sheet laminating of the 
sheet which does not apply an electrode was carried out separately (this thing that carried out the laminating is 
hereafter called "group which does not contain a drive pillar section"). The group which does not contain a drive 
pillar section also consists of 20 layers, in addition — although the common electrode 2 and the signal impression 
electrode 3 on a green sheet were formed by applying a silver palladium paste (screen-stencil) — other conductors ~ 
you may form by vacuum evaporationo etc. using a metal 

[0018] Subsequently, the laminating of the Id of the groups which do not contain a drive pillar section was further 
carried out to group Ic containing a drive pillar section by txims, and layered product le which has Id of two groups 
which do not contain three bodies and a drive pillar section for group 1 c containing a drive pillar section was 
formed. Drawing 4 (a) and (b) are the perspective diagrams and plans of layered product le, respectively. A dashed 
line shows the outer frame of the common electrode 2 built in and the signal impression electrode 3 by drawing 4 . 
In addition, in drawing 4 (a), since it is easy, the dashed line is drawn only on the thing of most this side among 
group Ic containing a drive pillar section. As a result of carrying out a laminating by tums, as shown in drawing 4 
(a) and (b), the portion which forms the drive pillar 8 was arranged by three trains, respectively in the direction 
which intersects perpendicularly in the successive installation direction 1 1 of intemal electrodes 2 and 3, i.e., a 
direction parallel to each green sheet, and the successive installation direction 1 1 . In addition, it is also possible to 
carry out the laminating of much more groups according to the desired array of the drive pillar 8. 
[0019] Subsequently, with a heat press etc., the above-mentioned layered product le was stuck by pressure, and it 
unified. Since a lot of organic binders were contained inside layered product le, further, ** binder distance was 
performed, and it calcinated at 1 100 degrees C continuously. Subsequently, the dicing saw cut in the desired size as 
a imit of an electrostrictive actuator at the layered product after baking. At that time, in consideration of positioning 
a layered product at the time of recessing for separating each drive pillar 8 and making it become independent, it 
was processed so that the edge of the common electrode 2 and the signal impression electrode 3 might be exposed 
to displacement output- screen la. Furthermore, appearance processing which the edge of the electrode takeoff 
connection 7 exposes was performed from the rear-face side of a layered product, and the terminal which impresses 
voltage to each drive pillar 8 was formed in rear-face Ir. 

[0020] Then, the dicing saw performed recessing and the drive pillar 8 which has the drive pillar section 6 was 
formed so that it might explain below. First, two or more slots 12 which have the same width of face as Id of 
groups which do not contain a drive pillar section were formed between the groups which contain a drive pillar 
section in the successive installation direction 11. The slot 12 was formed by putting in slitting with a depth of Inun 
from the upper surface. Then, the slot 13 which has the same width of face as the interval between drive pillar 
sections was processed in the direction of an intemal-electrode laminating which intersects perpendicularly with a 
slot 12, and two or more drive pillars 8 were formed in it (refer to drawing 1 (a) and (b)). 

[0021] The drive pillars 8 are an electrostrictive actuator 1 and this material, and one was consisted of by the above 
distance, and the electrostrictive actuator by which plane configuration of the drive pillar 8 was carried out to the 
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shape of a matrix was manufactiired. In addition, although each of each drive pillar pitches of the direction where 
each width of face [ each of] of O.TlSmm and the drive pillar 8 in every direction is 0.3mm, and the successive 
installation direction 1 1 of internal electrodes 2 and 3 and it, and the width of face of slots 12 and 13 cross at right 
angles is 1,018mm, these values can be changed according to the request pitch of a drive pillar etc. 
[0022] Subsequently, external electrode connection for applying applied voltage to each drive pillar 8 was made as 
follows. In rear-face Ir, the takeoff-connection cross section 15 of tiie common electrode 2 and the takeoff- 
connection cross section 16 of the signal impression electrode 3 corresponding to each drive pillar 8 were exposed, 
respectively, applied the silver paste (not shovm) to these, and formed the external electrode. Furthermore, the FPC 
cable (not shown) which has the possible pattem of carrying out voltage impression alternatively between the 
common electrode 2 of each drive pillar 8 and the signal impression electrode 3 was connected to the external 
electrode. Consequently, each drive pillar 8 can be driven individually, in addition, the method of the above [ an 
external electrode ] — replacing with — a conductor ~ metaled vacuum evaporationo and a conductor — you may 
form by performing printing of a paste etc. 

[0023] Hereafter, operation of the electrostrictive actuator 1 manufactured in this example of an operation gestalt is 
explained. Voltage is impressed through the FPC cable linked to rear-face Ir between the common electrode 2 of 
each drive pillar 8, and the signal impression electrode 3. Thereby, the potential difference arises through the 
electrode takeoff connection 7 between the drive pillar section 6 of the coinmon electrode 2, and the drive pillar 
section 6 of the signal impression electrode 3, and the variation rate of a perpendicular direction 10 is outputted to 
displacement output-screen la by the piezo-electric transversal effect. 

[0024] In addition, an electrostrictive actuator 1 replaces with the common electrode 2 and the signal impression 
electrode 3. It has the common electrode and signal impression electrode by which the laminating was carried out 
by turns in the direction of the depth of flute through the piezoelectric-material green sheet. Even if it is the 
structure of having the displacement output screen (electrostrictive actuator output screen) which carries out a 
displacement output to the exterior of the drive pillar height direction by the piezo-electric longitudinal effect in a 
drive pillar upper-limit side, like this example of an operation gestalt, it is compact and it is possible to carry out a 
variation rate for every drive pillar. 

[0025] As a result of impressing the voltage of a wave as shown in the FPC cable connected to the example of 
experiment 1 electrostrictive actuator 1 which performed the check of an electrostrictive actuator of operation at 
drawing 10 , the variation rate of about a maximxmi of 0.3 micrometers has been outputted. the result which 
conducted the same drive experiment also to other drive pillars — an output equivalent with all drive pillars — a 
variation rate — the property was acquired Furthermore, as shown in drawing 1 1 , it attached by including an 
electrostrictive actuator 1 in the ink-jet head which has a nozzle 21, the pressure room 22, the ink passage 23, and a 
diaphragm 24. Subsequently, as a result of impressing the voltage of the wave shown in drawing 10 and performing 
the regurgitation evaluation examination of an ink drop, it checked that the regurgitation of the ink drop could be 
stably carried out from all the nozzles 21. 

[0026] The example of the two example operation form of an operation form is an example of an operation form of 
the electrostrictive actuator of the 2nd invention, and its manufacture method. Drawing 5 is the plan of the 
electrostrictive actuator of this example of an operation form. The electrostrictive actuator 40 of this example of an 
operation form is the same composition as an electrostrictive actuator 1 except for plane configuration of the drive 
pillar being alternately carried out to the shape of a matrix which intersects perpendicularly in all directions 
compared with the electrostrictive actuator 1 of the example 1 of an operation form by which plane configuration is 
carried out. The drive pillar 42 of an electrostrictive actuator 40 is arranged alternately at each partition classified 
by the slot of the shape of an abbreviation grid which crosses mutually with the degree of crossed axes angle of 
theta= 85 degrees, respectively, and fimctions as a piezo-electric formula drive. 

[0027] In order to have manufactured the electrostrictive actuator 40 in this example of an operation form, when 
carrying out the laminating of the group containing a drive pillar section, and the group which does not contain a 
drive pillar section by turns compared with the example 1 of an operation form using the sheet 4 and sheet 5 which 
were used in the example 1 of an operation form, group Ic containing a drive pillar section carried out and changed 
the laminating into the state where only the same predetermined length moved in the successive installation 
direction 1 1 one by one. Predetermined length is the length corresponding to the degree theta of crossed axes angle. 
Then, ** binder distance, baking, and appearance processing were performed like the example 1 of an operation 
form. 

[0028] Then, the dicing saw performed recessing explained below and the drive pillar 42 containing the drive pillar 
section 6 of the intemal electrode (the conmion electrode 2 and signal impression electrode 3) exposed to the upper 
surface was formed. First, the slot 12 was formed like the example 1 of an operation form. Subsequently, the slot 12 
and the slot 43 which crosses at 85 degrees were formed. The drive pillars 42 were an electrostrictive actuator 40 
and one, and same material was consisted of by the above distance and the electrostrictive actuator 40 by which 
plane configuration was moreover carried out alternately was manufactured. 
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[0029] As a result of conducting the same drive experiment as the example 1 of example of experiment 2 
experiment which performed the check of an electrostrictive actuator of operation, it checked outputting the 
variation rate all v^hose drive pillars are about 0.3 micrometers. Furthermore, when it included in the ink-jet head 
which showed the actuator manufactured in this example of an operation form to drawing 1 1 and the **** 
evaluation examination was performed, the ink drop has been stabilized and ****(ed) from all the nozzles 21. 
[0030] The example of the three example operation gestalt of an operation gestalt is an example of an operation 
gestalt of the electrostrictive actuator which can perform electrical connection to the intemal electrode of an 
external power not by rear-face Ir of an actuator output screen but by displacement output-screen la, and its 
manufacture method. Each of di'awing 6 (a) and (b) is the side cross sections showing the internal-electrode pattern 
of the electrostrictive actuator 44 of this example of an operation gestalt, drawing 6 (a) shows a common electrode 
pattem, and drawing 6 (b) shows a signal impression electrode pattern. The electrostrictive actuator 44 is equipped 
with the drive pillar 48. The drive pillar 48 is formed in the same position with the same composition as the drive 
pillar 8 except for the edge of the common electrode 2 and the signal impression electrode 3 being exposed to side 
46a which counter mutually, and b, respectively. 

[003 1] In order to have manufactured the electrostrictive actuator 44, it formed by applying the common electrode 
and signal impression electrode which are the example 1 of an operation gestalt, or 2," and have drive pillar section 
47a and b, respectively instead of applying the common electrode 2 and the signal impression electrode 3 on a green 
sheet (screen-stencil). Then, the drive pillar 48 which exposed the edge of drive pillar section 47a of a common 
electrode and drive pillar section 47b of a signal impression electrode, respectively was formed in side 46a which 
counter mutually, and b, respectively by forming a layered product and performing appearance processing and 
recessing like the example 1 of an operation gestalt, or 2. Furthermore, the electric v^ing which applies a silver 
paste (not shovm) to side 46a and b as an external electrode on the whole surface, then impresses voltage from an 
extemal power was connected to this extemal electrode. 

[0032] Since the electrostrictive actuator 44 of this example of an operation form does not need to form the 
electrode takeoff connection 7 connected to rear- face Ir of an actuator output screen from the drive pillar section 6 
like the examples 1 and 2 of an operation form, the amount of internal-electrode material or the piezoelectric 
material used can be reduced, and an electrostrictive actuator with a low manufacturing cost is realized. 
[0033] Example of operation form 4 drawing 7 is the perspective diagram of the electrostrictive actuator of this 
example of an operation form. The electrostrictive actuator 50 of this example of an operation form has the support 
pillar 52 which consists only of a piezoelectric-material green sheet in which are a drive pillar and an outline same 
size and the laminating was carried out to drive intercolumniation by grid-like recessing compared with the 
electrostrictive actuator of the example 1 of an operation form by which only a drive pillar is formed in the layered 
product upper part as a dummy pillar. The support pillar 52 does not have the common electrode 2 and the signal 
impression electrode 3 which are an intemal electrode, but consists of only piezoelectric-material green sheets by 
which the laminating was carried out. 

[0034] The manufacture method of an electrostrictive actuator 50 is explained below. In this example of an 
operation form, layered product le was first formed like the example 1 of an operation form. Subsequently, it was 
the slot which forms the drive pillar 8 and the support pillar 52, and it was parallel to the successive installation 
direction 11, and the slot 56 formed between Id of groups which do not contain group Ic containing a drive pillar 
section and a drive pillar section was processed. Then, the slot 58 was processed between the drive pillar 8 and the 
support pillar 52 towards intersecting perpendicularly with a slot 56. Although width of face of the drive pillar 8 
and the support pillar 52 was set to 1 .018mm in this example of an operation form, respectively in 0.3mm and the 
direction which intersects perpendicularly the pitch of 0.209mm and the drive pillar 8 in the successive mstallation 
direction 1 1 and the successive installation direction of an intemal electrode in the width of face of slots 56 and 58, 
these values can be changed according to the request pitch of a drive pillar etc. 

[0035] The electrostrictive actuator 50 manufactured by the example of the three example operation form of an 
experiment which performed the check of an electrostrictive actuator of operation was applied as an ink-jet head 
like the example 1 of an experiment, and the experiment which compares about **** of the ink drop in the case 
where there is nothing with the case where there is a support pillar 52 was conducted, consequently, deformation of 
other parts suppresses by having had the support pillar 52 further - having - the output of the drive pillar 8 - the 
variation rate could be used effectively and the degree of a cross talk phenomenon has been reduced namely, the 
output which **** takes - it was checked that can mitigate a variation rate and dispersion in the **** property of 
each nozzle mitigates 

[0036] The example of the five example operation gestah of an operation gestalt is an example of an operation 
gestalt of the electrostrictive actuator of the structure which the drive pillar section of an intemal electrode does not 
expose compared with the example 1 of an operation gestalt. Each of drawing 8 (a) and (b) is the side cross sections 
showing the internal-electrode pattern of the electrostrictive actuator 60 of this example of an operation gestalt, 
drawing 8 (a) shows a connimon electrode pattem, and dreiwing 8 (b) shows a signal impression electrode pattem. 
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The electrostrictive actuator 60 is the same as the electrostrictive actuator 1 of the example 1 of an operation gestalt 
except for the common electrode and signal impression electrode which are an internal electrode being built in the 
drive pillar 62 of an electrostrictive actuator 60, and the front face being worn by piezoelectric-material green-sheet 
material. 

[0037] In order to manufacture an electrostrictive actuator 60, in case a slot is processed, except for processing it so 
that the edge of the drive pillar section 66 of an internal electrode may not be exposed to the outside of the drive 
pillar 62, it is the same as the example 1 of an operation form. 

[0038] In this example of an operation form, since the drive pillar section 66 is formed so that it may fit in the 
interior of the drive pillar 62, and an internal electrode is not exposed to the outside of the drive pillar 62 at the 
process which applies an intemal electrode on a green sheet, there is an effect which can suppress the short circuit 

between each electrode layer. 

[0039] The experiment which compares the endurance ability when not exposing with the case where the drive 
pillar section 66 of an intemal electrode is exposed, using the example electrostrictive actuator 60 of an experiment 
which performed the performance check of an electrostrictive actuator was conducted. Consequently, it wels 
checked by not exposing the drive pillar section 66 that endurance can be improved. 

[0040] Although the depth of flute of the shape of the shape of a grid and an abbreviation grid was processed 
according to the soffit of the drive pillar section 66 of an internal electrode in the example 5 of the example 
operation form of an alteration of the example 5 of an operation form as shown in drawing 8 , the 1st electrostrictive 
actuator (not shown) of this example of an alteration is an electrostrictive actuator which comes to form a grid-like 
slot rather than the soffit of the drive pillar section 66 deeply relatively. In the 1st electrostrictive actuator, the stress 
concentration in the groove bottom edge section circumference was eased, and the effect which can improve the 
endurance of an electrostrictive actuator 60 further was acquired. Moreover, the 2nd electrostrictive actuator (not 
shown) of this example of an alteration is an electrostrictive actuator with the soffit position of the drive pillar 
section 66 deeper than the bottom of a grid-like slot, the 2nd electrostrictive actuator - the drive pillar of the same 
height — comparing ~ an output — the effect which can improve a variation rate was acquired Furthermore, 
although the drive pillar was considered as the composition which carries out plane configuration of nine of every 
direction 3x3 in the example 5 of an operation form, the electrostrictive actuator which has further many drive 
pillars 62 compared with an electrostrictive actuator 60 was able to be formed by increasing the number of electrode 
pattems of the sheet of one sheet, or increasing the number of laminatings of the group containing a drive pillar 
section, and the group which does not contain a drive pillar section according to a desired array. In addition, it 
checked that the same effect as this example of an alteration was acquired also in the examples 1-4 of an operation 
form. 

[0041] Each of example of operation form 6 drawing 9 (a) and (b) is the side cross sections showing the internal- 
electrode pattern of the electrostrictive actuator of this example of an operation form, drawing 9 (a) shows a 
common electrode pattem, and drawing 9 (b) shows a signal impression electrode pattem. The electrostrictive 
actuator 70 of this example of an operation form is the same composition as the electrostrictive actuator 60 of the 
example 5 of an operation form except for an intemal electrode replacing electrode takeoff-connection 76a and b 
with the electrode takeoff connection 7, and having them. Electrode takeoff-connection 76a and b have exposed the 
edge to side 74a and b which the drive pillar 72 of an electrostrictive actuator 70 counters. In this example of an 
operation form, after manufacturing an electrostrictive actuator 70, side 74a, extemal electrode 78a which come to 
apply a silver paste to the internal-electrode edge exposed to b, and b were formed. By this example of an operation 
form, the same effect as the example 5 of an operation form was able to be done so. 
[0042] 

[Effect of the Invention] As explained above, according to the electrostrictive actuator concerning the 1st invention 
of this invention, it has two or more drive pillars which are arranged at each partition classified by the grid-like slot, 
respectively, and function as a piezo-electric formula drive, and a displacement output is carried out to the exterior 
of the drive pillar height direction by the piezo-electric transversal effect. Thereby, since it is the same quality of the 
material as an electrostrictive actuator and two or more drive pillars can be prepared in an electrostrictive actuator 
and one, it becomes reducible [ the improvement in the position precision of a drive pillar, and a manufacturing 
process ]. Moreover, since the electric end-connection section of the internal electrode which the plane 
configuration of the drive pillar can be carried out in the shape of a matrix, and constitutes a drive pillar can be 
performed with the actuator rear face, the compact electrostrictive actuator by which the drive pillar has been 
arranged by high accumulation density is realized. An effect with the same said also of the 2nd and the 3rd 
invention can be done so. The dummy pillar which consists only of a piezoelectric-material green sheet by which 
are a drive pillar and outline same height and the laminating was suitably carried out to drive intercolumniation is 
prepared. Thereby, a cross talk phenomenon can be reduced. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (c) is the perspective diagram of the electrostrictive actuator of the example 1 of an operation gestalt, a 
plan, and rear view from drawing 1 (a), respectively. 

[Drawing 2] It is the plan showing the pattern of the common electrode which are a piezoelectric-material green 
sheet and an internal electrode applied on it. 

[Drawing 3] It is the plan showing the pattern of the signal impression electrode which are a piezoelectric-material 
green sheet and an internal electrode applied on it. 

[Drawing 4] Drawing 4 (a) and (b) are the perspective diagrams and plans of a layered product which are formed in 
the example 1 of an operation gestalt, respectively. 

[Drawing 5] It is the plan of the electrostrictive actuator of the example 2 of afi operation gestalt. 

[Drawing 6] Drawing 6 (a) and (b) are the side cross sections showing the drive pillar section pattern of the internal 

electrode of the electrostrictive actuator of the example 3 of an operation gestalt, drawing 6 (a) shows a common 

electrode and drawing 6 (b) shows the drive pillar section of a signal impression electrode. 

[Drawing 7] It is the perspective diagram of the electrostrictive actuator of the example 4 of an operation gestalt. 

[Drawing 8] Each of drawing 8 (a) and (b) is the side cross sections showing the internal-electrode pattern of the 

electrostrictive actuator of the example 5 of an operation gestalt, drawing 8 (a) shows a common electrode pattem, 

and drawing 8 (b) shows a signal impression electrode pattem. 

[Drawing 9] Each of drawing 9 (a) and (b) is the side cross sections showing the intemal-electrode pattem of the 
electrostrictive actuator of the example 6 of an operation gestalt, drawing 9 (a) shows a common electrode pattem, 
and drawing 9 (b) shows a signal impression electrode pattem. 

[Drawing 10] It is the examples 1-6 of an operation gestalt, and is the wave of the voltage which carries out a seal 
of approval between a common electrode and signal applied voltage. 

[Drawi ng 1 1 ] It is the side cross section shoving the state where the electrostrictive actuator of the example 1 of an 
operation gestalt was included in the ink-jet head. 

[Drawing 12] Drawing 12 (a) and (b) are the perspective diagrams for every process which manufactures the 
conventional electrostrictive actuator, respectively. 
[Description of Notations] 

1 Electrostrictive Actuator 

la Displacement output screen 

Ic The group containing a drive pillar section 

Id The group which does not contain a drive pillar section 

le Layered product 

Ir Rear face 

2 Common Electrode 

3 Signal Impression Electrode 

4 Green Sheet Which Applied Common Electrode (Sheet) 

5 Green Sheet Which Applied Signal Impression Electrode (Sheet) 

6 Drive Pillar Section 

7 Electrode Takeoff Connection 

8 Drive Pillar 

10 Perpendicular Direction 

1 1 The Successive Installation Direction 

12 Slot 

13 Slot 

14 Substrate 

15 Takeoff-Connection Cross Section of Common Electrode 
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1 6 Takeoff-Connection Cross Section of Signal Impression Electrode 

21 Nozzle 

22 Pressure Room 

23 Ink Passage 

24 Diaphragm 

26 Pattern for Electrodes 

27 Pattern for Electrodes 

28 Piezoelectric-Device Plate 

29 Mechanical-Component Piezoelectric Device 

30 Fixed Part Piezoelectric Device 

3 1 Piezoelectric-Device Train 

32 Common Electrode 

33 Individual Electrode 

34 Supporter Material 

36 Electrostrictive Actuator 
40 Electrostrictive Actuator 

42 Drive Pillar 

43 Slot 

44 Electrostrictive Actuator 
46a, b Side 

47a, b Drive pillar section 

48 Drive Pillar 

50 Electrostrictive Actuator 

52 Support Pillar 

56 Slot 

58 Slot 

60 Electrostrictive Actuator 

62 Drive Pillar 

66 Drive Pillar Section 

70 Electrostrictive Actuator 

72 Drive Pillar 

74a, b Side 

76a, b Electrode takeoff connection 
78a, b External electrode 
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